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1
IGNITER SYSTEM FOR IGNITING FUEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit under
35U.8.C. §119(e) o1 U.S. Provisional Patent Application Ser.
No. 61/143,916, filed Jan. 12, 2009, which 1s incorporated

herein by reference 1n 1ts entirety for all purposes.

FIELD OF THE INVENTION

This mvention relates to a corona discharge fuel 1gniter
system. The invention further relates to a method for 1gniting
fuel 1n an mternal combustion engine.

BACKGROUND OF THE INVENTION

A number of different ignition systems for 1igniting fuel 1n
internal combustion systems has been proposed. These 1gni-
tion systems generally fall into three main types: conven-
tional arc discharge, classic plasma discharge, and corona
discharge.

In a conventional arc or inductive ignition system, an 1gni-
tion coil 1s charged on a primary winding with a DC voltage,
and a finite quantity of energy 1s stored 1n the 1gnition coil. At
some predefined 1gnition point, the current flow to the pri-
mary winding of the 1gnition coil 1s turned off, and a portion
of the energy stored 1n the 1gnition coil 1s discharged from a
secondary winding of the 1ignition coil across a spark gap of a
spark plug to ground. In this discharge, the voltage at the
spark plug gap increases until the potential 1s large enough to
create an arc across the spark plug electrodes to ground. The
stored energy from the 1gnition coil 1s quickly discharged
through the arc to ground 1n a single discharge event, until the
energy 1s dissipated to the point to which 1t can no longer
sustain the arc. In this type of ignmition system, the current 1n
the arc during the discharge event 1s limited to a moderate
level by the relatively high resistance 1n the secondary circuit,
and the arc voltage 1s relatively low. The arc itself 1s hughly
ionized and has relatively low resistance to ground.

In a classic plasma 1gnition system there 1s generally an
additional capacitive energy storage that 1s used to signifi-
cantly increase the energy stored before discharge across a
spark gap. In this system, a capacitor 1s typically not high
enough voltage to initiate an arc across the spark gap, so a
conventional inductive 1ignition coil system 1s used to 1nitiate
the discharge path. Once a discharge path 1s established, the
energy stored 1n the capacitor can be discharged extremely
rapidly 1n a high current burst of energy and at a relatively low
voltage. This fast, high energy discharge creates a visible
plasma 1n a single discharge. Once the energy 1s dissipated

from both the 1gnition coil and from the capacitor, an arc and
plasma go out and the event 1s over.

U.S. Patent Pub. No. 2008/0141967 (Tani) 1s an example of
a classic plasma 1gnition system. This patent publication dis-
closes a plasma 1gnition device that includes a plasma 1gnition
plug having an alumina insulation member to insulate a center
clectrode from a ground electrode, and electric power supply
circuits to apply high voltages to the plasma 1gnition plug.
The plasma 1gnition device activates the gas 1n a discharge
space of the insulation member into the plasma of a high
temperature and a high pressure by the high voltage applied
between the center electrode and the ground electrode and
injects the same nto an internal combustion engine. The
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clectric power supply circuits are connected to the center
clectrode as an anode and to the ground electrode as a cath-

ode.

A corona discharge system typically does not include a
stored energy device. As a result, energy 1s not discharged 1n
a single event. A conventional spark ignition produces a fixed
duration 1gnition event. A corona ignition device can produce
an 1gnition event for a controlled period of time.

U.S. Pat. No. 6,883,507 (Freen) discloses an example of a
corona discharge system. The system comprises an electrode
inside of a combustion chamber, an electric circuit which
provides radio frequency electric power to the electrode, and
a ground formed by the combustion chamber walls. A radio
frequency voltage differential formed between the electrode
and the ground produces a radio frequency electric field ther-
cbetween, which creates a non-thermal plasma, resulting 1n
combustion of the fuel-air mixture. A boron nitride insulator
surrounds the electrode. The system can be utilized 1n engines
such as internal combustion engines or gas turbine engines.

More efficient 1igniter systems for igniting fuel in internal
combustion engines are needed. In particular, igniter systems
that provide highly effective dielectric and mechanical prop-
erties under the extreme temperature, mechanical stress and
pressure conditions of the combustion environment are
desired.

SUMMARY OF THE INVENTION

This mvention provides a corona discharge fuel igniter
system and method for 1gniting fuel in an internal combustion
engine that1s highly efficient at corona discharge. In addition,
the invention provides a system that 1s capable of long term
operation under the extreme temperature, mechanical stress
and pressure conditions of the combustion environment.

According to one aspect of the invention there 1s provided
a corona discharge fuel 1gniter system, 1.¢., device. The sys-
tem has an electrical connector end and a corona discharge
end. There 1s an electrical conductor connecting the electrical
connector end to the corona discharge end and an inductor
assembly connected to the electrical conductor at the electri-
cal connector end. The system preferably includes a non-
ceramic dielectric matenal surrounding the electrical conduc-
tor and inductor assembly at the electrical connector end, and
a ceramic dielectric material in contact with the non-ceramic
dielectric material that surrounds the electrical conductor at
the corona discharge end.

In an preferred embodiment, the inductor assembly
includes at least one inductor. Preferably, the inductor assem-
bly includes resistance and inductance elements. Alterna-
tively, the inductor assembly 1includes resistance, inductance
and capacitance elements.

In one embodiment, the ceramic dielectric material has a
dielectric constant different from that of the non-ceramic
dielectric material. Preferably, the ceramic dielectric material
1s a sintered inorganic, nonmetallic material comprised of
compounds formed between at least one metallic and one
nonmetallic element or compounds of at least two different
nonmetallic elements.

In another embodiment of the invention, the ceramic
dielectric material 1s comprised of at least one oxide or nitride
of aluminum or silicon. In a preferred embodiment, the
ceramic dielectric matenial 1s comprised of alumina and
silica.

In yet another embodiment, the ceramic dielectric material
1s comprised of not greater than not greater than 5 wt % of at
least one oxide of calcium, magnesium, zircontum or boron.
Preferably, the non-ceramic dielectric material 1s comprised
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ol at least one gas, resin or polymer dielectric material. In
general, the non-ceramic dielectric material has a dielectric
constant different from that of the ceramic dielectric material.

According to another aspect of the invention, there 1s pro-
vided a method for 1gniting fuel 1n an 1nternal combustion
engine. The method comprises providing electrical current to
a corona discharge fuel 1gniter system and passing at least a
portion of the electrical current through the fuel 1gniter sys-
tem 1n the form of radio frequency voltage by way of an
clectrical conductor 1n the fuel igniter system. At least a
portion of the electrical conductor i1s surrounded with a
ceramic dielectric material comprised of at least one oxide or
nitride of aluminum or silicon as the current passes through
the conductor, and a corona discharge 1s emitted from the fuel
igniter system to 1gnite the fuel 1in the internal combustion
engine.

In one embodiment, radio frequency voltage 1s provided as
the electrical current. Preferably, at least a portion of the
conductor 1s surrounded by a non-ceramic dielectric material
that connects to the ceramic dielectric material.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B show a top view and a cross-sectional
view ol an 1igniter system fabricated according to an embodi-
ment of the invention;

FIG. 2 1s a view of the corona discharge assembly portion
of the 1gniter;

FIG. 3 1s a view of the insulator;

FIG. 4 1s a view of the terminal;

FIG. 5 1s a view of the electrode wire;:

FIG. 6 1s a view of the connecting wire;

FIGS. 7A and 7B show a top view and cross-sectional view
of the flange;

FIG. 8 1s a view of the cover;

FIG. 9 1s a view of the tube;

FIG. 10 1s a view of the 1gniter shown 1n the installed
position;

FIG. 11 1s a cross-sectional view of an igniter fabricated
according to another embodiment of the invention in the
installed position.

DETAILED DESCRIPTION OF THE INVENTION

This invention 1s directed to a corona discharge fuel 1gniter
system and methods for 1gniting fuel in an internal combus-
tion engine that emit at least a partial corona discharge. The
invention incorporates the use of particular insulator or
dielectric materials that significantly increase the efficiency
of corona discharge to 1gnite the fuel 1n an 1nternal combus-
tion engine. At the same time, the particular dielectric mate-
rials prolong the operation of the corona discharge fuel 1igniter
system under the extreme temperature, stress and pressure
conditions of the combustion environment.

The 1gniter system of this invention operates as a radio
frequency (RF) device. Battery voltage 1s received by an
clectronic circuit and an amplified, radio frequency voltage 1s
generated which 1s applied to the igniter. This i1gniter
increases the RF voltage applied and a corona discharge 1s
emitted from the fuel 1gniter system to i1gnite the fuel in the
internal combustion engine. Thus, voltage that 1s provided to
the corona electrical discharge fuel igniter 1s provided as RF
voltage, at least a portion ol the RF voltages passes through an
clectrical conductor that 1s connected with the electrical con-
nector end of the fuel igniter and the corona discharge end of
the 1igniter, and at least a part of that RF voltage 1s increased by
the tuel igniter, e.g., by an imnductor assembly portion of the
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fuel 1gniter. A corona discharge 1s emitted from the fuel
igniter system to 1gnite the fuel 1n the internal combustion
engine

At least a portion of the electrical conductor 1s surrounded
by a ceramic dielectric material that provides high corona
discharge efliciency and i1s highly suited for fuel i1gnition
environments. Preferably, at least a portion of the electrical
conductor 1s further surrounded by a non-ceramic dielectric
material and the ceramic and non-ceramic are in contact with
one another.

The corona discharge fuel 1gniter system generally com-
prises an electrical connector end and a corona discharge end.
An electrical conductor (e.g., metal wiring assembly) 1s con-
nected to the electrical connector end and to the corona dis-
charge end. At least one dielectric material comprised of a
ceramic material surrounds the electrical conductor. Prefer-
ably, at least one non-ceramic material and atleast one dielec-
tric material surround the electrical conductor. Preferably, the
non-ceramic dielectric material surrounds at least a portion of
the electrical conductor at the electrical connector end, and
the ceramic dielectric material surrounds the electrical con-
ductor at the corona discharge end. It 1s also preferred that the
ceramic material 1s 1n contact with the non-ceramic dielectric
material.

The corona discharge fuel igniter system further includes
an inductor assembly connected to the electrical conductor at
the electrical connector end of the corona discharge fuel
igniter system. The inductor assembly includes at least one
inductor that increases RF voltage. Preferably, the inductor
assembly includes resistance and inductance elements, more
preferably resistance, inductance and capacitance elements.

Dielectric material surrounds the inductor assembly. Pret-
erably non-ceramic dielectric material 1s used to surround the
inductor assembly.

According to this mnvention, the term “ceramic” refers to
sintered 1norganic, nonmetallic materials, typically crystal-
line 1n nature, that are generally compounds formed between
at least one metallic and one nonmetallic element or at least
two different nonmetallic elements. Sintered material refers
to material made from powder or particles 1n which the par-
ticles have been heated below their melting point until the
particles adhere to one another or agglomerate. Examples of
metals of this invention include standard metals of the Peri-
odic Table, as well as aluminum, germanium, antimony and
polonium. Examples of non-metals of this invention include
standard non-metals of the Periodic Table, as well as boron,
silicon, arsenic and tellurium.

A preferred ceramic material that 1s made of compounds
formed between metallic and nonmetallic elements includes
aluminum as at least one of the metal elements. Examples of
such material include, but are not limited to, aluminum and
oxygen (e.g., alumina-Al,O,), aluminum and nitrogen (e.g.,
aluminum nitride-AIN), and aluminum, oxygen and nitrogen
(c.g., aluminum oxi-nitride). A preferred ceramic material
that 1s made of compounds formed between at least two
different nonmetallic elements includes silicon as at least one
of the nonmetallic elements. Examples of such material
include, but are not limited to, silicon and oxygen (e.g., silica-
S10,), silicon and nitrogen (e.g., silicon nitride-Si1;N,,), and
s1licon, oxygen and nitrogen (e.g., SIAION).

In one embodiment of the invention, the ceramic dielectric
material 1s comprised of at least one oxide or mitride of alu-
minum or silicon. In a particular embodiment, at least a
majority of the ceramic material 1s comprised of at least one
oxide or nitride of aluminum or silicon, based on total weight
of the ceramic material. Preferably at least 80 wt %, more
preferably atleast 90 wt %, still more preferably at least 95 wt
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%, still more preferably at least 98 wt %, and most preferably
at least 99 wt % of the ceramic maternial 1s comprised of at
least one oxide or nitride of aluminum or silicon, including
combinations thereof, based on total weight of the ceramic
material.

In a particularly preferred embodiment, the ceramic mate-
rial 1s comprised of alumina and silica. Preferably, the
ceramic contains alumina 1n an amount of from 95.0 wt % to
99.5 wt %, more preferably from 97.0 wt % to 99.5 wt %, and
most preferably from 98.5 wt % to 99.5 wt %, based on total
weilght of the ceramic matenal. Preferably, the ceramic mate-
rial further contains silica in an amount of from 0.1 wt % to
4.0 wt %, more preferably from 0.1 wt % to 3.0 wt %, more
preferably from 0.2 wt % to 1.5 wt %, and most preferably
from 0.3 wt % to 1.0 wt %, based on total weight of the
ceramic material.

In preferred embodiments of the invention, the ceramic
material 1s low 1n oxides and nitrides other than oxides or
nitrides of alumina and silica, particularly in the case of silica
and alumina contaiming ceramic material. Preferably, the
ceramic material contains not greater than 5 wt %, more
preferably not greater than 3 wt %, and most preferably not
greater than 2 wt % of any oxide or nitride other than oxides
or nitrides of aluminum or silicon. Particular examples of
such oxides and nitrides include, but are not limited to, cal-
cium oxide, magnesium oxide, zirconium oxide, and boron
oxide, as well as boron nitride.

In particular embodiments of the invention, the ceramic
material comprises at least one oxide of calcium, magnesium,
zircontum or boron, but such oxides are preferably low 1n
content. Having a low content of such oxides 1s particularly
beneficial 1n lowering porosity and pore size of the ceramic
material. Low porosity and pore size are beneficial in that
likelihood of dielectric failure 1s reduced.

In one embodiment of the invention, the ceramic material
includes calcium oxide (CaQ). Preferably, the ceramic mate-
rial includes calcium oxide 1n an amount of from 0.1 wt % to
2.0 wt %, more preferably from 0.2 wt % to 1.0 wt %, and
most preferably from 0.3 wt % to 0.5 wt %, based on total
weight of the ceramic material.

In one embodiment of the invention, the ceramic material
includes magnesium oxide (MgQO). Preferably, the ceramic
maternial includes magnesium oxide 1n an amount of from
0.01 wt % to 0.5 wt %, more preferably from 0.02 wt % t0 0.3
wt %, and most preferably from 0.03 wt % to 0.1 wt %, based
on total weight of the ceramic material.

In one embodiment of the 1nvention, the ceramic material
includes zircontum oxide (Zr0O,). Preferably, the ceramic
material includes zircommum oxide 1n an amount of from 0.01
wt % to 0.5 wt %, more preferably from 0.02 wt % to 0.3 wt
%, and most preferably from 0.03 wt % to 0.2 wt %, based on
total weight of the ceramic material.

In one embodiment of the invention, the ceramic material
includes boron oxide (B,0O,). Preterably, the ceramic mate-
rial includes boron oxide 1n an amount of from 0.05 wt % to
0.5 wt %, more preferably from 0.1 wt % to 0.4 wt %, and
most preferably from 0.2 wt % to 0.4 wt %, based on total
weight of the ceramic material.

In one embodiment of the invention, it 1s preferred to have
little if any boron nitride in the ceramic material. Preferably,
the ceramic material has not greater than 5 wt %, more pret-
erably not greater than 3 wt %, still more preferably not
greater than 1 wt %, and most preferably not greater than 0.5
wt % boron nitride, based on total weight of the ceramic
materal.

In another embodiment of the invention, the ceramic mate-
rial 1s comprised of at least one compound selected from the
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group consisting of aluminum oxides, aluminum mitrides,
s1licon oxides and silicon nitrides.

The ceramic used in this invention exhibits both highly
desirable dielectric and mechanical properties at the particu-
lar conditions to which the material 1s exposed. The particular
characteristics manufactured materials that confer the desired
operating properties are provided in the description of the
materials of this mvention under standard temperature and
pressure conditions, 1.e., 25° C. and 1 atmosphere (101.3
KPa).

The ceramic used according to this invention 1s considered
an insulator or dielectric 1n that 1t 1s a material that prevents
the flow of an electrical current. The preferred ceramis 1s
turther characterized by having a relatively low dielectric
constant. A dielectric constant 1s an 1ndex of the ability of a
material to attenuate the transmission of an electrostatic force
from one charged body to another. The lower the value, the
greater the attenuation, or the better the ability of the material
to serve as an electrical insulator.

In one embodiment, the ceramic material of this invention
has a dielectric constant not greater than 11 at 1 MHz and 25°
C. Preferably, the ceramic material has a dielectric constant
not greater than 10, more preferably not greater than 9, and
most preferably not greater than 8 at 1 MHz and 25° C.

The ceramic material also has a relatively high dielectric
strength. Dielectric strength 1s the maximum electric field that
an msulator or dielectric can withstand without breakdown.
Generally at breakdown, a considerable current passes as an
arc through the material which 1s accompanied by decompo-
sition of the matenal along the path of the current.

In one embodiment, the ceramic material has a dielectric
strength of at least 15 kV/mm. Preferably, the ceramic mate-
rial has a dielectric strength of at least 17 kV/mm, more
preferably at least 19 kV/mm.

The ceramic material that 1s used as a part of this invention
has a low loss factor. The loss facto 1s a measure of the loss of
energy 1n a dielectric material. The lower the loss factor, the
lower the loss of energy.

In one embodiment, the ceramic material has a loss factor
of not greater than 0.02 at 1 MHz and 25° C. Preferably, the
ceramic material has a loss factor of not greater than 0.01,
more preferably, not greater than 0.005 at 1 MHz and 25° C.

The ceramic material not only provides significant electric
insulator characteristics but also exhibits highly durable
mechanical properties. Such properties include tensile
strength, MOR flexural strength and compressive strength.

The ceramic material has high tensile strength. Tensile
strength 1s the ratio of the maximum load a material can
support without fracture when being stretched to the original
area ol a cross section of the material. When stresses less than
the tensile strength are removed, a material completely or
partially returns to its original size and shape. In ceramic
material, as the stress exceeds the tensile strength, the mate-
rial breaks.

In one embodiment, the ceramic material has a tensile
strength of at least 100 MPa. Preferably, the ceramic material
has a tensile strength of at least 200 MPa, more preferably at
least 300 MPa, and most preferably at least 400 MPa.

The ceramic material also has suificient characteristics to
avold breakage, particularly at points of high torque contact.
In this mvention, the ceramic 1s high 1n MOR (modulus of
rupture) transverse strength. MOR flexural strength 1s a mea-
sure of the ultimate load-carrying capacity of a material.

In one embodiment, the ceramic material has a MOR flex-
ural strength of at least 100 MPa. Preferably, the ceramic
material has a MOR flexural strength of at least 200 MPa,
more preferably at least 400 MPa.
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The ceramic material also has high compressive strength.
Compressive strength 1s the capacity of a material to with-
stand axially directed pushing forces. When the limit of com-
pressive strength 1s reached, maternials are crushed.

In one embodiment of the invention, the ceramic material
has a compressive strength of at least 500 MPa. Preferably,
the ceramic material has a compressive strength of at least
1,000 MPa, more preferably at least 1,500 MPa.

The ceramic material of this invention preferably has a low
internal porosity and relatively small pore size. Such charac-
teristics are particularly favorable in reducing the likelihood
of dielectric failure.

Preferably, the ceramic material has an internal porosity of
not greater than 2%. More preferably, the ceramic material
has an internal porosity of not greater than 1.5%, and still
more preferably not greater than 1.0%.

The ceramic matenal preferably has a median pore size of
not greater than 3 microns. Preferably, the ceramic matenal
has a median pore size of not greater than 2.5 microns, and
still more preferably not greater than 2 microns.

It 1s preferred that the range of pore sizes 1n the ceramic
material not be great, and therefore the maximum pore size
not be too large. Preferably, at least 90 wt % of the ceramic
material used 1n the 1gniter of this invention has a maximum
pore size of not greater than 15 microns, more preferably not
greater than 12 microns, and most preferably not greater than
10 microns.

The size of the pores 1n the ceramic material can be reduced
by reducing the particle size of the ceramic powder precursor
used to make the ceramic material. Preferably, the ceramic
material 1s the sintered product of a ceramic powder precursor
having an average particle size of not greater than 2 microns,
more preferably not greater than 1.5 microns.

It 15 also pretferred that the ceramic powder precursor used
to make the ceramic material have a relatively high surface
area. Preferably, the ceramic material 1s the sintered product
of a ceramic powder precursor having an average surface area
(BET) of at least 1.5 m*/g, more preferably at least 2.0 m*/g,
and still more preferably at least 3.0 m*/g.

The ceramic material incorporated into this invention has a
high thermal conductivity to reduce pre-ignition. Preferably,
the ceramic material has a thermal conductivity of at least 25

W/M-K at 25° C., more preferably at least 30 W/M-K, and
most preferably at least 35 W/M-K at 25° C.

The non-ceramic dielectric material of this invention can
be any non-ceramic dielectric material that provides sudilfi-
cient dielectric properties to suificiently 1solate high voltage
from grounding. Such materials include gas, resin and poly-
mer dielectric materials. At least a portion of the non-ceramic
will generally be outside the direct combustion location or
housing, whereas the ceramic can be located directly at the
point of combustion. As with the description of characteris-
tics of the ceramic material, examples of characteristics
desired 1n the non-ceramic materials are described herein at
standard temperature and pressure conditions, 1.e., 25° C. and
1 atmosphere (101.3 KPa).

According to one embodiment of the invention, the non-
ceramic dielectric material has a dielectric constant different
from that of the ceramic dielectric material. In another
embodiment, embodiment of the invention, the non-ceramic
dielectric matenial has a dielectric constant less than that of
the ceramic dielectric material. In one embodiment, the
dielectric constant of the non-ceramic material will be at least
1, at least 2, at least 4, or at least 6 less than that of the ceramic
maternial at 1 MHz and 25° C.

In a preferred embodiment of the mvention the non-ce-
ramic material has a dielectric constant of not greater than 11
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at 1 MHz and 25° C. Preferably, the non-ceramic maternial has
a dielectric constant of not greater than 9, more preferably not
greater than 7, and most preferably not greater than 5 at 1
MHz and 25° C.

The 1gniter system can include more than one type of
non-ceramic dielectric material. For example, the 1gniter sys-
tem can include more than one non-ceramic dielectric mate-
rial, with any combination of gas, resin or polymer dielectric.
Each of these materials are preferably arranged to be 1n con-

tact with one another such that grounding 1s mimmized, and at
least one non-ceramic dielectric 1s 1n contact with at least one
ceramic dielectric material, with the ceramic dielectric mate-
rial being located at the corona discharge end of the igniter
system.

An example of one type of igniter system 1s shown in FIGS.
1-10. A corona discharge fuel 1gniter system 10 according to
one aspect of the invention includes an mnsulator 14 fabricated
of either aluminum oxide (alumina), silicon nitride or alumi-
num nitride. The high dielectric strength, high electric resis-
tivity and low dielectric constant of alumina meet the electri-
cal performance requirements of an insulator for a corona
discharge igniter. Alumina also has a high mechanical
strength that 1s needed so that the insulator does not brake
during assembly of the 1gniter or during service in an internal
combustion engine. Silicon nitride also meets these require-
ments, as does aluminum nitride, but are more costly than
alumina.

The drawings show one embodiment of a corona discharge
tuel 1igniter system 10 having the subject insulator. The 1igniter
includes a corona discharge assembly 12, an electrode wire
16 accommodated within and extending from a lower end 18
of the insulator 14; a metal shell 19 surrounding a middle
portion of the insulator 14 such that a lower portion 21 of the
insulator 14 projects out of a lower end 23 of the shell, a
terminal 20 accommodated within and extending from an
upper end 22 of the insulator 14, a metal tube 24 welded at one
end 26 to the shell 19, and welded to a flange 28 at the
opposite end 30. A connecting wire 32 extends within the tube
24 from the terminal 20, through an opening 34 in the flange
28 and 1s connected to an inductor assembly 36 which 1is
mounted by interveming insulating pads 38 on the flange 28. A
metal cover 40 surrounds the inductor assembly 36 and 1s
welded to the flange 28 to provide a sealed environment 42.
Electrical terminals 44 are attached to the inductor assembly
36 and pass through the flange 28 to a connector 46 extending
radially outwardly for external connection. The tlange 28 has
a 111l opening 48 for the mtroduction of pressurized fill gas
into the sealed space 42 of the corona discharge fuel 1gniter
system 10, aiter which the fill opening 48 1s sealed closed.

The corona discharge assembly 12 of the corona discharge
tuel 1igniter system 10, and particularly the metal shell 19 that
extends 1nto the igniter opening 50 into the block 52 and
combustion chamber 54 is free of external mounting threads,
as may be the igniter opening 50. This allows the insulator 14
including the lower portion 21 extending into the combustion
chamber 54 to be increased 1n size, or the opening to be
decreased, or both. In lieu of the mounting threads, the corona
discharge fuel 1igniter system 10 provides one or more mount-
ing holes 56 in the flange 28 through which fasteners 58 can
be recerwved for mounting the corona discharge fuel 1gniter
system 10 to the cylinder head 53 independently of the
unthreaded head end 23.

Another example of an 1gniter system of this invention 1s
shown in FIG. 11. The igmiter includes a corona discharge
assembly having an electrical connector end 101 to which an
clectrical conductor or wire 103 i1s attached. An inductor
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assembly 1035 1s connected to the electrical conductor 103.
The 1inductor assembly 105 includes inductor windings 107.

The mductor assembly 105 is surrounded by a first non-
ceramic dielectric material 109, which 1s a resin dielectric
material. The inductor assembly 105 1s also surrounded by a
second non-ceramic dielectric material 111 of silicone rub-
ber.

The corona discharge fuel igniter system further includes a
corona discharge end 113. At the corona discharge end 113 1s
a ceramic dielectric insulator 115 that surrounds the electrical
conductor 103.

The corona discharge fuel 1gniter system in FIG. 11 1s
shown 1n an internal combustion engine head with a cam
cover and combustion chamber. The 1gniter system 1s held 1n
place by holddown flange 117. Current 1s passed through the
conductor 103, with corona streamers being emitted from the
corona discharge end 113 to ignite fuel 1n the combustion
chamber.

The principles and modes of operation of this mvention
have been described above with reference to various exem-
plary and preferred embodiments. As understood by those of
skill 1n the art, the overall invention, as defined by the claims,

encompasses other preferred embodiments not specifically
enumerated herein.

The mvention claimed 1s:

1. A corona discharge fuel 1gniter system, comprising:

electrical connector end;

corona discharge end;

clectrical conductor connecting the electrical connector

end to the corona discharge end;

inductor assembly connected to the electrical conductor at

the electrical connector end;

non-ceramic dielectric maternial surrounding the electrical

conductor and inductor assembly at the electrical con-
nector end, the non-ceramic dielectric material com-
prised of pressurized gas;

ceramic dielectric material in contact with the non-ceramic

dielectric material and surrounding the electrical con-
ductor at the corona discharge end; and

the ceramic dielectric material including at least one oxide

or nitride of aluminum or silicon.

2. The corona discharge fuel igniter system of claim 1,
wherein the inductor assembly includes at least one inductor.

3. The corona discharge fuel igniter system of claim 1,
wherein the mnductor assembly 1includes resistance and induc-
tance elements.

4. The corona discharge fuel igniter system of claim 1,
wherein the inductor assembly includes resistance, induc-
tance and capacitance elements.

5. The corona discharge fuel igniter system of claim 1,
wherein the ceramic dielectric material has a dielectric con-
stant different from that of the non-ceramic dielectric mate-
rial.

6. The corona discharge fuel 1gniter system of claim 1,
wherein the ceramic dielectric material 1s a sintered 1nor-
ganic, nonmetallic material comprised of compounds formed
between at least one metallic and one nonmetallic element or
compounds of at least two different nonmetallic elements.

7. The corona discharge fuel igniter system of claim 1,
wherein the ceramic dielectric material 1s comprised of alu-
mina and silica.

8. The corona discharge fuel igniter system of claim 1,
wherein the ceramic dielectric material 1s comprised of not
greater than 5 wt % of at least one oxide of calcium, magne-
sium, zirconium or boron.
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9. The corona discharge fuel 1gniter system of claim 1,
wherein the non-ceramic dielectric material has a dielectric
constant different from that of the ceramic dielectric material.

10. The corona discharge fuel 1gniter system of claim 8,
wherein the ceramic dielectric matenial 1s comprised of at
least 0.1 wt % of at least one oxide of calcium, magnesium,
zirconium or boron.

11. The corona discharge fuel 1gniter system of claim 1,
wherein at least 80 wt % of the ceramic dielectric material 1s
comprised of at least one oxide or nitride of aluminum or
silicon.

12. The corona discharge fuel 1gniter system of claim 1,
wherein the ceramic dielectric material includes alumina in
an amount of from 95.0 wt % to 99.5 wt % and silica 1 an
amount of from 0.1 wt % to 4.0 wt %, based on the total
weilght of the ceramic material.

13. The corona discharge fuel 1gniter system of claim 1,
wherein the ceramic dielectric material includes alumina in
an amount of from 95.0 wt % to 99.5 wt %, silica1n an amount
of from 0.1 to 4.0 wt %, calcium oxide 1n an amount of from
0.1 wt % to 2.0 wt %, magnesium oxide 1n an amount of from
0.01 wt % to 0.5 wt %, and zirconium oxide 1n an amount of
from 0.01 wt % to 0.5 wt %, based on the total weight of the
ceramic material.

14. The corona discharge fuel 1gniter system of claim 1,
wherein the ceramic dielectric material includes alumina in
an amount of at least 99.5 wt % and magnesium oxide 1n an
amount of from 0.01 wt % to 0.5 wt %, based on the total
weight of the ceramic material.

15. The corona discharge fuel 1gniter system of claim 1,
wherein the ceramic dielectric material includes silicon
nitride 1n an amount of at least 90.0 wt %, based on the total
weight of the ceramic material, and alumina.

16. The corona discharge fuel 1gniter system of claim 1,
wherein the ceramic dielectric material 1s comprised of alu-
mina and silicon nitride.

17. The corona discharge fuel 1gniter system of claim 1,
wherein the ceramic dielectric material 1s comprised of sili-
con nitride.

18. A method for 1igniting fuel 1n an 1nternal combustion
engine, comprising;:

providing electrical current to a corona discharge fuel

1gniter system;

passing at least a portion of the electrical current through

the fuel 1gniter system 1n the form of radio frequency
voltage by way of an electrical conductor in the fuel
1gniter system;

surrounding at least a portion of the electrical conductor

with a non-ceramic dielectric material comprised of
pressurized gas as the current passes through the con-
ductor;

surrounding at least a portion of the electrical conductor

with a ceramic dielectric material comprised of at least
one oxide or nitride of aluminum or silicon as the current
passes through the conductor; and
emitting a corona discharge from the fuel 1gniter system to
ignite the fuel 1n the internal combustion engine.
19. The method of claim 18, wherein radio frequency volt-
age 1s provided as the electrical current.
20. The method of claim 19, wherein the inductor assembly
includes resistance and inductance elements.
21. The method of claim 19, wherein the inductor assembly
includes resistance, inductance and capacitance elements.
22. The method of claim 18 including connecting the non-
ceramic dielectric material to the ceramic dielectric material.
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23. The method of claim 18, wherein the non-ceramic
dielectric material has a dielectric constant different from that
of the ceramic dielectric matenial.
24. The method of claim 18, wherein the ceramic dielectric
material 1s comprised of alumina and silica. 5
25. The method of claim 18, wherein the ceramic dielectric
material 1s comprised of not greater than 5 wt % of at least one
oxide of calcium, magnestum, zirconium or boron.
26. A corona discharge fuel 1gniter system, comprising:
electrical connector end; 10
corona discharge end;
clectrical conductor connecting the electrical connector
end to the corona discharge end;
inductor assembly connected to the electrical conductor at
the electrical connector end; 15
first non-ceramic dielectric material surrounding the elec-
trical conductor and inductor assembly at the electrical
connector end, the first non-ceramic dielectric material
comprised of at least one resin, polymer, or pressurized
oas; 20
ceramic dielectric material 1n contact with the first non-
ceramic dielectric material and surrounding the electri-
cal conductor at the corona discharge end;
the ceramic dielectric material including at least one oxide
or nitride of aluminum or silicon; and 25
second non-ceramic dielectric material surrounding the
first non-ceramic dielectric material, the second dielec-
tric material comprised of rubber.
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